Viral diseases occur wherever sweet potato (Ipomoea batatas) is cultivated and because this crop is vegetatively propagated, accumulation and perpetuation of viruses can become a major constraint for production. Up to 90 % reductions in yield have been reported in association with viral infections. About 20 officially accepted or tentative virus species have been found in sweet potato and other Ipomoea species. They include three species of begomoviruses (genus Begomovirus, family Geminiviridae) whose genomes have been fully sequenced. In this investigation, we conducted a search for begomoviruses infecting sweet potato and Ipomoea indica in Spain and characterized the complete genome of 15 isolates. In addition to sweet potato leaf curl virus (SPLCV) and Ipomoea yellowing vein virus, we identified three new begomovirus species and a novel strain of SPLCV. Our analysis also demonstrated that extensive recombination events have shaped the populations of Ipomoea-infecting begomoviruses in Spain. The increased complexity of the unique Ipomoea-infecting begomovirus group, highlighted by our results, open new horizons to understand the phylogeny and evolution of the family Geminiviridae.
INTRODUCTION
Sweet potato (Ipomoea batatas, family Convolvulaceae) is ranked as the seventh most important food crop in global production. This crop originated in South America (O'Brien, 1972) but today it is grown in most tropical, subtropical and temperate regions of the world. Numerous ornamental Ipomoea species are grown worldwide. Ipomoea indica is widely grown ornamentally in the Mediterranean basin, where it is frequently naturalized. The putative role of I. indica and other species in the genus as a reservoir for sweet potato pathogens has not been explored.
Because sweet potato is vegetatively propagated, accumulation of viruses can become a major constraint for production. About 20 accepted or tentative virus species have been described in sweet potato . Three begomovirus species have been described as infecting Ipomoea species and their genomes have been fully sequenced. These are: sweet potato leaf curl virus (SPLCV) (Lotrakul et al., 1998; Lotrakul & Valverde., 1999) , Ipomoea yellow vein virus (IYVV) (Banks et al., 1999) and sweet potato leaf curl Georgia virus (SPLCGV) (Lotrakul et al., 2003) . SPLCV or related begomoviruses have been isolated from sweet potato in the Americas (Lotrakul et al., 2003; Fuentes & Salazar, 2003) , Asia (Onuki & Hanada, 1998; Luan et al., 2006) and Africa (Miano et al., 2006) and from I. indica in Europe . Begomoviruses are likely to be present in many regions where sweet potato is grown but their prevalence and distribution is still unknown. Difficulties in detecting and isolating begomoviruses directly from sweet potato plants could have impeded additional reports (Kokkinos & Clark., 2006b ).
Information about the variability among isolates of the described sweet potato begomoviruses is limited. Comparisons and phylogenetic analyses of partial sequences of the AC1 gene of several isolates collected from sweet potato in the United States, China, Korea and Taiwan suggest the existence of additional viral species (Lotrakul et al., 2002) . The symptoms caused by Ipomoeainfecting begomoviruses depend on the host and usually consist of leaf curling and/or yellow vein. Mild symptoms or even asymptomatic infections are not uncommon (Banks et al., 1999; Lotrakul et al., 2002; Valverde et al., 2007) .
Members of the genus Begomovirus, included in the family Geminiviridae, are transmitted to dicotyledonous plants by the whitefly Bemisia tabaci, causing significant yield losses in many crops worldwide. They have circular single-stranded DNA genomes that are encapsidated in twinned particles (Stanley et al., 2005) . The genomes of most begomoviruses consist of two components (bipartite) DNA-A and DNA-B, although there are some monopartite species that lack DNA-B, which is the case in the Ipomoea-infecting begomoviruses. DNA-A encodes the replication-associated protein (Rep), the replication-enhancer protein (REn), required for viral DNA replication, the transcriptional activator protein (TrAP), implicated in gene expression control, and the coat protein (CP), essential for viral transmission by B. tabaci. The function of the two other DNA-A-encoded proteins (V2 and C4) remains unclear, although possible roles in movement (for V2) and pathogenicity and suppression of post-transcriptional gene silencing (for C4), have been demonstrated in other virus species.
Recombination is known to be widely used by geminiviruses and is probably the most important molecular mechanism for generating genetic changes that allow exploitation of new ecological niches. Numerous examples of recombination in geminiviruses have been reported, between members both belonging to the same genus (Hou & Gilbertson, 1996; Zhou et al., 1997; Navas-Castillo et al., 2000; Sanz et al., 2000; Martin et al., 2001; Monci et al., 2002 , Ndunguru et al., 2005 Bull et al., 2006; García-Andrés et al., 2006; Owor et al., 2007) and of different genera (Briddon et al., 1996; Klute et al., 1996) . Recombination can result in significant changes in the biological properties of viruses, such as the ability to increase the relative fitness (Fernández-Cuartero et al., 1994) . This can have severe epidemiological consequences, such as the emergence of isolates capable of overcoming host resistance or isolates with a host range wider than the original one (Martin et al., 2001; Monci et al., 2002; García-Arenal & McDonald, 2003; Ndunguru et al., 2005; García-Andrés et al., 2006) .
In this investigation, we conducted a search for begomoviruses infecting sweet potato and I. indica in southern continental Spain and the Canary Islands; we sequenced and characterized the genomes of 15 isolates and classified them in five different groups. We identified SPLCV and IYVV, as well as distinct genotypes that we propose to be included in three novel begomovirus species. We also present evidence that extensive recombination events have shaped the populations of Ipomoea-infecting begomoviruses in Spain. Whitefly transmission experiments. Transmissions were performed with the whitefly B. tabaci biotype Q. Eight groups of 50 whiteflies were allowed to feed for 48 h on leaves of a stem cutting from an asymptomatic I. indica plant collected in Nerja (Málaga province) in 2006 (sample 070606/20) using clip cages. Subsequently, the clip cages were transferred to the apex of four I. nil and four I. setosa (3-week-old) test plants and allowed to feed for 48 h. A similar experiment was carried out using a rooted stem cutting from a sweet potato plant showing purple ringspots collected in Algarrobo (Málaga province) in 2006 (sample 270906/1d); in this case, only I. nil (six plants) were used as test plants. The two plants used as a source for whitefly transmission were infected by begomoviruses, as demonstrated by PCR using primers designed to amplify the CP gene (see below). Fifteen days after inoculation, young leaves from both I. nil and I. setosa plants were collected and stored at 270 uC for subsequent PCR analysis and cloning experiments (see Fig. 1 ).
METHODS

PCR-mediated amplification and RFLP analysis of the
Ipomoea-infecting begomovirus coat protein gene. Total nucleic acids were extracted from Ipomoea species using 0.1 g leaf tissue following the protocol described by Crespi et al. (1991) . A PCR method that amplified the complete CP gene of Ipomoea-infecting begomoviruses from total nucleic acid preparations was developed. A pair of degenerate primers, MA292 (+) (59-CCYTAGGGTTCG-AGCTVTGTTCGG-39) and MA293 (2) (59-TTTATTAATTDTTRT-GCGAATC-39), was designed from alignments of the available sequences of Ipomoea-infecting begomoviruses [SPLCV (AF104036), SPLCGV (AF326775) and IYVV (AJ132548)]. PCR amplification was performed in a volume of 50 ml using 0.5 ml DNA extract, 1 ml primers MA293 and MA292 (100 ng ml 21 ), 16 Taq DNA polymerase buffer (Bioline), 1.5 ml 50 mM MgCl 2 , 2 ml 2.5 mM dNTP mix and 5 U Taq DNA polymerase (Bioline). The PCR was performed with a denaturation hold at 94 uC for 2.5 min, followed by 40 cycles of denaturation at 94 uC for 30 s, hybridization at 48 uC for 1 min and extension at 72 uC for 1.5 min. An extension step at 72 uC for 10 min was added. The amplified fragments from sweet potato were cloned and subjected to an RFLP analysis by digesting with NcoI, EcoO109, BamHI, Asp700 and BstEII. Clones representing each restriction pattern shown in each sample were selected for sequencing. For the I. indica samples collected in 1998 and 1999, we carried out direct sequencing of the PCR products with the exception of samples in which mixed infections were evident. In those cases, we cloned and sequenced two clones with different EcoRI restriction patterns. In the case of samples collected in 2006, the DNA amplified by PCR was cloned and five clones per sample were sequenced.
Amplification of full-length begomovirus genomes. To amplify the full-length genomic components of the different genotypes identified in the RFLP analysis, two pairs of primers were designed from the alignments of the CP sequences. The MA369 (+) (59-GGGAATGCTGTCCCAATTGCTGC-39) and MA370 (2) (59-AGT-GTAAGGCACGATAGCTGTCTC-39) pair was designed to amplify all sweet potato begomovirus sequences identified in the CP analysis. The MA331 (+) (59-TGATGGTAAGGTTTGGATGGATGAC-39) and MA332 (2) (59-ATACCCATGGACTTAATACACACCC-39) pair was designed to amplify the sweet potato begomovirus genotype with PCR amplifications were performed in a volume of 25 ml with 1 ml DNA extract, 0.75 ml reverse and forward primers (10 mM), 0.5 ml 10 mM dNTP mix, 16 Expand High Fidelity DNA polymerase buffer (Roche) and 1.3 U Expand High Fidelity DNA polymerase (Roche). PCR was performed with denaturation at 94 uC for 2 min, followed by 35 cycles of denaturation at 94 uC for 30 s, hybridization at 55 uC for 45 s and extension at 72 uC for 2 min. A final extension step at 72 uC for 7 min was added. For the PCR amplification from I. indica plants, a previous step of rolling circle amplification (RCA) with W29 DNA polymerase (Inoue-Nagata et al., 2004) was included using the TempliPhi 100 Amplification kit (GE Healthcare). Full-length genomic components were also amplified from two I. nil plants that were infected after B. tabaci transmission under controlled conditions (see results). I. nil no. 6 sample was PCR-amplified using primers MA573 (+) (59-GGGAATTCCACCTTTAATTTGAACTGGC-39) and MA574 (2) (59-ACTATCTTCCTCTGCAATCCAGGAG-39) designed from a conserved region of the Rep gene from the known Ipomoea-infecting begomoviruses. PCR was performed with denaturation at 94 uC for 2 min, followed by 30 cycles of denaturation at 94 uC for 15 s, hybridization at 50 uC for 30 s and extension at 72 uC for 1.5 min. A final extension step at 72 uC for 7 min was added. I. nil sample no. M4 was amplified by RCA using the TempliPhi 100 Amplification kit (GE Healthcare). Fig. 1 illustrates the origins of source plants and steps followed to obtain the full-length begomovirus genomes.
Cloning, sequencing and sequence analysis. CP fragments and full-length genomic PCR products were cloned into pGEM-T Easy (Promega). RCA product obtained from the I. nil no. M4 sample was digested with BamHI and cloned into pBSK(+). Transformation of Escherichia coli DH5a was carried out by electroporation. DNA sequencing was conducted using an automatic sequencer ABI 3730 DNA Analyser (Applied Biosystems). Multiple sequence alignments were performed using CLUSTAL V (Higgins et al., 1992) with the default parameters. Phylogenetic analyses were inferred by neighbour-joining and maximum-parsimony methods included in MEGA4 (Tamura et al., 2007) available at http://www.megasoftware.net. Robustness of evolutionary relationships was assessed by 1000 bootstrap replicates. Pairwise nucleotide identity profiles were performed with the SimPlot program and used to identify putative recombinant sequences (Lole et al., 1999 ; http://sray.med.som.jhmi.edu/SCRoftware/simplot). Putative recombination events were confirmed using the GenConv method (Padidam et al., 1999) included in the RDP3 program (Martin et al., 2005 ; http://darwin.uvigo.es/rdp/rdp.html). CONVERT and INTERVAL from the LDHT package (McVean et al., 2004) , also implemented in the RDP3 program, were used to estimate recombination rates and draw plots across alignments. Iterative elements and corresponding iteron-related domains in the N-terminal regions of replication protein (Argüello-Astorga & Ruiz-Mendrano, 2001) were manually identified. Fig. 1 . Origin of the source plants and the main steps followed to obtain the characterized full-length begomovirus genomes.
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RESULTS
High incidence of begomovirus infections in sweet potato and I. indica in Spain and extensive diversity as revealed by analysis of the CP gene sequence All the indicator I. nil and I. setosa plants graft-inoculated with field-grown sweet potato developed a variety of symptoms which included mosaic, chlorosis, necrosis and/ or leaf curling. More than 50 % of the collected sweet potato plants were infected with begomoviruses as indicated by the amplification of the CP gene from the symptomatic indicator plants. The expected 823 nt DNA fragment was amplified in 21 of 31 plants (14 from Málaga, two from Tenerife and five from Lanzarote). The CP gene was also amplified from 25 of 42 I. indica samples analysed (19 from Málaga, four from Granada and two from Almería) ( Table  1 ). The complete nucleotide sequences of the CP gene of 128 Ipomoea-infecting begomovirus positive samples were determined, 45 from 21 sweet potato plants and 83 from 25 I. indica plants. Fig. 2 shows the phylogenetic tree inferred from the characterized CP sequences, which clearly grouped in three clusters: (i) sequences related to IYVV, (ii) sequences related to SPLCV and (iii) sequences with no close relationship to any known begomovirus. The sequences of the first group were found in 100 and 86 % of the sweet potato and I. indica plants positive for the presence of the CP gene, respectively. The second phylogenetic group was composed of SPLCV-related sequences, all of them from sweet potato samples from the Canary Islands. The sequences included in the third group were not closely related to any reported Ipomoea-infecting begomoviruses. They were found in three sweet potato samples from Málaga and Tenerife and in 17 I. indica samples.
Sequence analysis of full-length genomes
The complete nucleotide sequences of 15 genomes were determined. They were obtained from 11 sweet potato (10 from the Canary Islands and one from Málaga) and four I. indica (from Málaga) plants. These sequences are available in GenBank under the accession numbers shown in hairpin was predicted to exist in all of the isolates, including the conserved nonanucleotide 59-TAATATTAC-39. Within the intergenic region, the iterative elements located surrounding the C1 ORF TATA box presented the consensus sequence core GGWGD. The Ipomoea-infecting begomoviruses possess four imperfect copies of the iterative elements, three direct and one inverted, whose arrangement is similar to that described for Old World begomoviruses (Argüello-Astorga et al., 1994) . From the seven different iterative elements found among Ipomoea-infecting begomoviruses, four were present in the Spanish isolates described in this work (Table 3) . The iteron-related domain in the Nterminal regions of replication protein (Rep IRD) was also identified and shown to be characteristic for each of the seven groups of Ipomoea-infecting begomoviruses defined by the iterative elements (Table 3) .
When the 15 genome sequences described in this investigation were compared with those from Ipomoeainfecting begomoviruses available in GenBank (IYVV, SPLCV-US, SPLCGV, SPLCV-IT and SPLCV-CN; details given in Fig. 4 legend) , the percentage of nucleotide identity ranged from 73.2 to 99.6 % (Table 4) .
Extensive recombination events have shaped the populations of Ipomoea-infecting begomoviruses in Spain
The pairwise analysis performed with the sequences characterized in this investigation using SimPlot suggested Table 1 . Field begomovirus incidence in sweet potato and I. indica plants analysed by PCR using CP primers MA292 and MA293 and subsequent sequencing
The sequences with no close relationship to any known begomovirus are designated 'novel'. Novel sweet potato recombinant begomoviruses that all isolates had putative recombinant intramolecular fragments. Most of the recombination events were confirmed after analysis with the GenConv method of the RDP3 program. Fig. 3(a and b) show the results obtained with SimPlot and GenConv, respectively, using the sequence of the isolate ES : CI : BG1 : 02 as query. Three major recombination spots were localized by both programs around nt 400, 1000 and 2350 when this isolate was compared with the other 14 Spanish isolates. When the same type of analysis was extended to the other 14 isolates as query (data not shown), a more complex view of the recombination events occurring between those isolates was obtained. Fig. 3(c) shows a schematic representation of the detected recombinant fragments. In addition to this analysis, we estimated the recombination rate along the Ipomoea-infecting begomovirus genomes using the CONVERT and INTERVAL programs implemented in RDP3. Fig. 3(d) shows the plot of this rate across the alignment made with the 15 isolates studied. Five recombination hotspots were found at nt 123, 388, 888, 2343 and 2758, in agreement with the major breakpoints found with GenConv and SimPlot (data not shown). In summary, the results show that recombination breakpoints are not randomly distributed along the Ipomoea-infecting begomovirus genomes.
Phylogenetic analysis and taxonomic position of three novel proposed begomovirus species
A phylogenetic tree of the complete genome sequences of the 15 novel Ipomoea-infecting begomovirus isolates, Ipomoea-infecting begomoviruses available in GenBank and selected begomoviruses infecting other hosts is shown in Fig. 4 . This tree was obtained by the neighbour-joining method and it was rooted with the sequence of beet curly top virus (BCTV), the type species of the genus Curtovirus. The dendrogram supports the inclusion of the isolates reported in this investigation within a unique Ipomoeainfecting begomovirus cluster. This cluster seems to branch in the tree prior to the divergence between the Old World and New World branches. Similar topology was obtained with the maximum-parsimony method (data not shown). 
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The guidelines proposed by the ICTV Geminiviridae Study Group establish that two geminiviruses sharing more than 89 % of the DNA-A component sequences are considered to be strains or isolates of the same species, otherwise they are considered different species 
DISCUSSION
This is the most comprehensive comparative study of begomoviruses infecting Ipomoea spp. to date. The investigation included sweet potato and I. indica, an ornamental species frequently naturalized in the Mediterranean Basin. Symptoms observed in sweet potato and I. indica plants in the field included leaf mottle, malformation, curling and overall stunting. These symptoms, together with the abundance of B. tabaci, suggested the presence of begomoviruses. The first approach to confirm begomovirus infection consisted of PCR testing and subsequent RFLP analysis of the CP gene. Similar strategies have been used successfully in studies with begomovirus infecting cassava and tomato García-Andrés et al., 2006) . A high number of collected plants (68 % of sweet potato and 60 % of I. indica) were infected by begomoviruses, as deduced from the amplification of the CP gene. It was not possible to associate the presence of begomoviruses with any specific symptoms since the CP gene was not amplified from plants exhibiting symptoms in some cases. Moreover, the CP gene was amplified from some asymptomatic plants. Some of the symptoms observed in the field and in the grafted indicator plants could be due to infections with other viruses (criniviruses and/or potyviruses) known to infect sweet potato in Spain (Valverde et al., 2004a; Trenado et al., The number of nucleotides between the forward repeats I and II are indicated and those between the forward repeats II and III, the TATA motifs (underlined) and the inverted repeat (IV) are represented by dashes. Consensus nucleotides not present in the imperfect iteron (III) as well as a non-conserved amino acid in the Rep IRD are in parentheses. The virus names and GenBank accession numbers are given in Table 2 and Fig. 4 .
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Journal of General Virology 90 2007). Nevertheless, it cannot be ruled out that the lack of amplification was due to PCR inhibition or low virus titre (Kokkinos & Clark, 2006a) . It is possible that the diversity and complexity of the Ipomoea-infecting begomovirus populations could be even higher, since the methodology used in this study may have favoured the amplification of a limited range of sequences, imposed by the specificity of the primer sequences.
We obtained the sequences of 128 begomovirus CP genes and 15 full-length genomes. CP sequences grouped in three different clusters. Two of them were closely related to the CP of previously reported Ipomoea-infecting begomoviruses, whereas the third one contained distinct sequences. Interestingly, our results also demonstrated that mixed infections occur frequently in these hosts. The coexistence of different genomes in a single plant is a prerequisite for genomic fragment exchange by recombination. In fact, putative recombinant fragments were identified in all cases. The breakpoints that delimited the exchanged fragments were not randomly distributed in the genome. This distribution could be caused by the existence of regions with a higher tendency to promote recombination. Alternatively, it is possible that only certain exchanges could be tolerated in sweet potato begomovirus genomes, as has been described in other members of the genus . Recombination has been described as one of the most frequent diversification mechanisms in begomoviruses (Padidam et al., 1999; Monci et al., 2002; Preiss & Jeske, 2003; Morilla et al., 2004 , García-Andrés et al., 2006 . This can be a rapid process to create new genomes with adaptive advantages, which could accelerate their evolution and favour the expansion of the host range and, therefore, the emergence of novel diseases (Lively & Dybdahl, 2000; Dybdahl & Storfer, 2003; Stavrinides & Guttman, 2004) . Interspecific recombination has been widely described as a speciation mechanism in the genus Begomovirus. Examples of this phenomenon include begomovirus complexes that affect important crops such as cassava mosaic disease (Zhou et al., 1997; Pita et al., 2001a, b; Ndunguru et al., 2005; Bull et al., 2006) and Table 4 . Percentage nucleotide identities of the full-length begomovirus genomes characterized in this work and previously described begomoviruses infecting Ipomoea spp.
Values within boxes indicate cluster relationships between sequences with more than 89 % nucleotide sequence identity. ?, Begomovirus isolates that, according to percentage nucleotide identities, should be classified in a separate, still unnamed, species; Geo, SPLCGV; US, SPLCV-US; ES, SPLCV-ES; IT, SPLCV-IT; CN, SPLCV-CN. The virus names and GenBank accession numbers are included in Table 2 and Fig. 4 .
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Journal of General Virology 90 tomato yellow leaf curl disease (Monci et al., 2002; García-Andrés et al., 2006) . SPLCESV was found in both I. indica and sweet potato and, in the case of the latter species, in both continental Spain (Málaga) and the Canary Islands (Tenerife and Lanzarote). SPLCCaV was found only in sweet potato in Lanzarote; SPLCLaV was found here and also in Málaga. Despite the fact that IYVV has not been found to infect sweet potato plants, some of the begomovirus isolates found in sweet potato shared genomic fragments putatively exchanged by recombination with IYVV. Nine of the begomovirus isolates described here were obtained from a single sweet potato plant collected in Lanzarote (B32, Fig.  1 ). These isolates belonged to the species SPLCESV, SPLCCaV and SPLCLaV, and to the Spanish SPLCV strain. Due to the vegetative propagation of sweet potato, virus accumulation and perpetuation is a common phenomenon . Mixed infections, as observed in the B32 sweet potato plant, are probably frequent in Spain and elsewhere. Lotrakul et al. (2003) isolated SPLCGV from a single plant infected with SPLCV. Interestingly, three of the genomes sequenced from the B32 sweet potato plant presented one point mutation each that would putatively result in an in-frame fused C2-C3, a truncated Rep and a 39-extended Rep ORF. Although misincorporation during PCR amplification cannot be ruled out, a likely explanation for maintaining these genomes that code for nonfunctional proteins, is complementation by proteins coded by other genomes present in the same plant.
Ipomoea-infecting begomoviruses are transmitted at lower rates than other begomoviruses. It has been suggested that low transmission rates may be due to the low amino acid sequence identity between the CP of these viruses and that of other begomoviruses that are transmitted at high rates (Valverde et al., 2004b) . In this study, we were able to transmit IYVV and SPLCLaV from field isolates using the Q biotype of B. tabaci. In previous attempts, transmission of the original IYVV isolate to I. indica could not be achieved using B. tabaci biotypes S, Q or B. It was suggested that this was due to many years of vegetative propagation of the host plant as an ornamental, which resulted in loss of virus transmissibility by whiteflies (Banks et al., 1999) .
Due to genetic exchange by recombination, begomovirus populations are usually highly complex, hindering species Fig. 4 . Phylogenetic tree of the complete genome sequences of the 15 begomovirus isolates described in this work (see Table 2 for GenBank numbers and abbreviations), published Ipomoea-infecting begomovirus sequences and representatives of Old World and New World begomoviruses. The tree was constructed by the neighbour-joining method with the MEGA4 program (Tamura et al., 2007) and condensed to show only clusters with .50 % bootstrap (1000 replicates) support. The Curtovirus type species, beet curly top virus, was used as an outgroup. Viruses, acronyms and GenBank accession numbers of the previously published sequences included in the alignments and phylogenetic analysis carried out in this work are as follows: SPLCV-United States (SPLCV-US, AF104036), SPLCV-Italy (SPLCV-IT, AJ586885), SPLCV-China (SPLCV-CN, DQ512731), SPLCGV (AF326775), IYVV (AJ132548), Abutilon mosaic virus (AbMV, X15983), bean golden yellow mosaic virus (BGYMV, M10070), cotton leaf curl Multan virus (CLCuMV, AJ002447), Eupatorium yellow vein virus (EpYVV, AB007990), pepper leaf curl Pakistan virus (PepLCPKV, DQ116878), potato yellow mosaic virus (PYMV, D00940), squash leaf curl virus (SLCV, M38183), tomato golden mosaic virus (TGMV, K02029), tomato leaf curl Bangalore virus (ToLCBV, AF165098), tomato yellow leaf curl virus (TYLCV, X76319) and beet curly top virus (BCTV, X04144).
Novel sweet potato recombinant begomoviruses demarcation. From the results of this study and based on the guidelines proposed by the ICTV Geminiviridae Study Group , three novel species of Ipomoea-infecting begomoviruses can be recognized: SPLCCaV, SPLCLaV and SPLCESV, in addition to the novel Spanish strain of SPLCV, SPLCV-ES. Lotrakul & Valverde (1999) found similarities between the genome organization of the United States strain of SPLCV (SPLCV-US) and the Old World begomoviruses. This included the presence of a V2 ORF, as well as a similar position and arrangement of the repeated iterons found within the intergenic region. Both aspects were confirmed by the analysis of our isolates. In addition, these authors suggested a closer phylogenetic relationship to the Old World begomoviruses, based on the C1 and V2 sequences. However, from the limited data available at that time, it was not possible to ascertain the exact position of SPLCV-US in the phylogenetic tree. The increase in the number of members of the Ipomoea-infecting begomovirus group, including the novel species and strain described in this study, allowed us to outline a more accurate phylogeny of this group of viruses. This could also help to elucidate a possible scenario for the evolution in the genus Begomovirus. As shown in Fig. 4 , the Ipomoea-infecting begomoviruses grouped in a cluster separate from the rest of the begomovirus species. This cluster appears to belong to a branch distinct from the Old World and New World groups, regardless of the phylogenetic approach. To confirm that the Ipomoea-infecting begomoviruses diverged prior to the separation between the Old World and New World begomovirus branches or, alternatively, that they evolved from an ancestral Old World begomovirus, additional studies are needed. Given the frequent recombination events in the family Geminiviridae, a phylogenetic network-based approach (Huson & Bryant, 2006) could clarify the position of these viruses. If the second evolutionary situation is correct, it could be argued that the great divergence between the Ipomoeainfecting cluster and the rest of the Old World begomoviruses could be explained, at least in part, by to the adaptation and co-evolution into a specific group of plants. Genomic characterization of begomoviruses infecting wild Convolvulaceae species indigenous to the Americas could also help to clarify the origin of this group of viruses. Nevertheless, the Ipomoea-infecting begomoviruses seems to represent one of the earliest points of divergence among this genus, thus strengthening their uniqueness.
Future work must focus on fulfilling Koch's postulates for these viruses and on understanding the relationships established between the coexisting species within a host plant. Attempts are underway in our laboratory to obtain infectious clones for these viruses, which will be essential in order to conduct further research that should include devising measures to reduce and control begomovirus infections in sweet potato.
